Impacts of increasing environmental stresses (such as drought) on crop productivity can be sustainably minimized by using plant-beneficial mineral nutrients (such as sulfur, S). This study, based on a pot-culture experiment conducted in greenhouse condition, investigates S-mediated influence of drought stress (imposed at pre-flowering, flowering, and pod-filling stages) on growth, photosynthesis and tolerance of mungbean (Vigna radiata L.) plants. Drought stress alone hampered photosynthesis functions, enhanced oxidative stress [measured in terms of H 2 O 2 ; lipid peroxidation (LPO); electrolyte leakage (EL)] and decreased the pools of cellular redox buffers (namely ascorbate (AsA); glutathione (GSH)], and the overall plant growth (measured as leaf area and plant dry mass), maximally at flowering stage, followed by pre-flowering and pod-filling stages. Contrarily, S-supplementation to drought-affected plants (particularly at flowering stage) improved the growth-and photosynthesis-related parameters considerably. This may be ascribed to S-induced enhancements in the pools of reduced AsA and GSH, which jointly manage the balance between the production and scavenging of H 2 O 2 and stabilize cell membrane by decreasing LPO and EL. It is inferred that alleviation of drought-caused oxidative stress depends largely on the status of AsA and GSH via S-supplementation to drought-stressed V. radiata at an appropriate stage of plant growth, when this nutrient is maximally or efficiently utilized.
INTRODUCTION
Recognized as one of the major environmental stress factors, and as a main constraint for crop production worldwide, drought affects virtually every aspect of plant growth, physiology and metabolism (Harb et al., 2010) . In particular, at the wholeplant level, drought stress affects mainly the plant photosynthetic functions, causing imbalance in "CO 2 fixation and electron transport." This facilitates transfer of electrons to reactive oxygen species (ROS), including H 2 O 2 , as a result of over-reduction of the electron-transport-chain components (Anjum et al., 2008a; Lawlor and Tezara, 2009) . Additionally, high concentration of ROS causes oxidative damage to photosynthetic pigments, biomolecules such as lipids, proteins and nucleic acids, and leakage of electrolytes via lipid peroxidation (LPO), leading to cessation of normal plant cellular metabolism (Anjum et al., 2012a) . The ascorbate-glutathione (AsA-GSH) pathway constitutes the major part of antioxidant defense system in plants where a number of ROS are effectively metabolized and/or detoxified by a network of reactions involving enzymes and metabolites with redox properties. Both AsA and GSH (tripeptide GSH; γ-glutamate-cysteine-glycine) are cellular redox buffers closely linked in major physiological functions. Nevertheless, in conjunction with other components of AsA-GSH pathway, both AsA and GSH together determine the lifetime of varied ROS and their reaction products within the cellular environment and provide crucial protection against oxidative damage (Anjum et al., 2010 (Anjum et al., , 2012a (Anjum et al., , 2013 . In recent studies, exogenous application of AsA or GSH was reported to help plants to withstand consequences caused by a range of abiotic stresses including Cd (Cai et al., 2011; Son et al., 2014) , salinity (Wang et al., 2014) and high temperature (Nahar et al., 2015) .
Maintenance of the status of mineral nutrients in plants is important for increasing the crop productivity and plant resistance to environmental stress (Cakmak, 2005; Anjum et al., 2008b Anjum et al., , 2012b . The cumulative role of mineral nutrients in modulating cellular levels of AsA and GSH, and in strengthening the plant antioxidant defense system has been discussed extensively (Anjum et al., 2010 (Anjum et al., , 2012a (Anjum et al., , 2013 Gill et al., 2011) . Sulfur (S) is the fourth essential macronutrient for plants, after N, P and K, and plays a vital role in the regulation of plant growth, development and productivity (Hawkesford, 2000) , via affecting leaf chlorophyll, N content and photosynthetic enzymes. Sulfur is required for protein synthesis, incorporated into organic molecules in plants, and is located in thiol (−SH) groups in proteins (cysteine-residues) or non-protein thiols (glutathione, GSH), the potential modulators of stress response (Anjum et al., 2008b; Lunde et al., 2008) . Significance of plant ontogeny in the modulation of plant responses to abiotic stress factors such as drought (Anjum et al., 2008a) and heavy metals (Anjum et al., 2008c) has been reported. Also, considering a single plant growth-stage, the role of S nutrition in the improvement of plant growth, development and yield (Ahmad et al., 2005) , and tolerance to stresses (such as Cd; Anjum et al., 2008b) has been evidenced. However, information is meager on the Smediated control of plant responses to drought stress during plant ontogeny.
Given the paucity of information on drought sensitivity of legume crops, and on the physiological basis of mineralnutrient-(like S)-assisted management of crop growth and productivity, the current study was undertaken (i) to screen the drought-sensitive stage(s) during plant ontogeny, (ii) to identify the plant-growth stage when S helps plants maximally to improve the pools of both cellular redox buffers (AsA, GSH) and mineral-nutrients (K, S, and Mg) in order to counteract the drought-accrued oxidative stress (measured as electrolyte leakage (EL), membrane lipid peroxidation and H 2 O 2 levels). Mungbean (Vigna radiata L. Wilczek) was chosen as a model plant system for the current study, because it is a potential pulse crop in the Indian sub-continent due to its ready market, N 2 -fixation capability, early maturity and the ability to fit well in croprotation program (Anjum, 2006) . Additionally, S-requirement of the pulse crops, for maintaining their normal growth and development, stands just second to that of the oil-yielding crops.
MATERIALS AND METHODS

EXPERIMENTAL MATERIALS, PROCEDURE AND SOIL CHARACTERISTICS
Seeds of mungbean (Vigna radiata L. Wilczek) cultivar Pusa 9531 were sown in 30-cm-diameter earthen pots filled with 8 kg soil. The soil was sandy loam in texture, with 7.8 pH 7.8, 0.38 dsm electrical conductivity, 0.43% organic carbon, 70 mg kg −1 soil available K and 5 mg kg −1 soil available S. Nitrogen (N; 120 mg kg −1 soil) and phosphorus (P; 30 mg kg −1 soil) were applied at the time of sowing. S was applied to V. radiata plants at the rate of 40 mg kg −1 soil, in the form of solution, 5 days before droughtstress imposition at various growth stages. The sources of N, P, K, and S were urea, single super phosphate, gypsum, and muriate of potash, respectively. After germination, three plants per pot were maintained until harvest. The pots were kept in green house under semi-controlled condition. A polythene plastic film was used to thwart the effects of rainfall, which allowed transmittance of 90% of visible wavelength (400-700 nm) under natural day and night conditions with a day/night temperature 25/20 ± 4 • C and relative humidity of 70 ± 5%. All experiments were performed using completely expanded leaves from the second youngest nodes from the top of the plants.
DROUGHT STRESS IMPOSITION AND SULFUR (S) APPLICATION SCHEDULE
Drought was imposed at pre-flowering (15 d after sowing) (group 1), flowering (30 d after sowing) (group 2) and at pod filling (50 d after sowing) (group 3) by withholding water for 5 days; this was followed by normal watering (without S). Other three groups (4-6) as well as the controls were supplied with an equal amount of S solution (40 mg S kg −1 ). All these (1-6) plant groups, and the control group, were maintained until harvest, and watered on alternate days. Soil moisture content was measured gravimetrically on dry weight basis at the time of pre-flowering, flowering, and post-flowering (pod-filling) stages (Table 1) . Samplings were done after re-watering the drought-exposed plants for 5 days at the given growth stage i.e., at 25, 40, and 60 days after sowing. The treatments were arranged in a randomized complete block design, and each treatment was replicated five times.
PLANT GROWTH, PHOTOSYNTHESIS AND BIOCHEMICAL ESTIMATIONS
Leaf area was measured with a leaf area meter (LI-3000A, LI-COR, Lincoln, NE). Plant dry mass was determined after drying the plant at 80 • C to a constant weight with the help of an electronic balance (SD-300). Net photosynthetic rate (Pn), stomatal conductance (Gs) and intercellular CO 2 concentration (Ci) were recorded in fully expanded leaves of second youngest nodes, using infra-red gas analyzer (IRGA, LI-COR, 6400, Lincoln, NE) on a sunny day between 10:00 and 11:00 h. Chlorophyll content was estimated in fully expanded young leaves at each stage using the method given by Hiscox and Israelstam (1979) . Estimation of soluble protein content was done according to Bradford (1976) using bovine serum albumin as standard.
OXIDATIVE STRESS TRAITS
We considered electrolyte leakage (EL), membrane lipid peroxidation and H 2 O 2 levels as the biomarkers of oxidative stress. Cellular membrane integrity in leaves was assayed by measuring the EL according to Anjum et al. (2013) . In brief, fresh leaves (1.0 g) were kept in glass vials containing 10 ml deionized water. The vials, covered with plastic caps, were placed in a shaking incubator at a constant temperature of 25 • C for 6 h and the electrical conductivity (EC) of the solution was measured (EC1) using an electrical conductivity meter (WTW Cond 330i/SET, Weilheim, Germany). Subsequently, the same vials were kept in water bath shaker at 90 • C for 2 h, cooled and EC2 was measured. EL was expressed following the formula EL = EC1/EC2 × 100. Membrane lipid peroxidation was estimated in terms of thiobarbituric acid reactive substances (TBARS) contents adopting the method of Dhindsa et al. (1981) as described by Anjum et al. (2013) . Briefly, fresh leaves (1.0 g) were ground in liquid nitrogen, mixed with 0.73% 2-thiobarbituric acid in 12% trichloroacetic acid, incubated for 30 min in boiling water, ice-cooled, centrifuged at 1000×g for 10 min at 4 • C and the absorbance measured in the supernatant at 532 nm. The rate of lipid peroxidation was expressed as nmoles of TBARS formed per gram of fresh weight, using a molar extinction coefficient of 1.55 × 105 M −1 cm −1 . Leaf-H 2 O 2 content was determined following the method of Loreto and Velikova (2001) as adopted and described by Dipierro et al. (2005) . In brief, leaf tissues (1.0 g) were homogenized in 2 ml of 0.1% (w/v) TCA. The homogenate was centrifuged at 12,000×g for 15 min and 0.5 ml of the supernatant were mixed with 0.5 ml of 10 mM K-phosphate buffer pH 7.0 and 1 ml of 1 M KI. The H 2 O 2 content of the supernatant was evaluated by comparing its absorbance at 390 nm with a standard calibration curve.
DETERMINATION OF CELLULAR BUFFERS
Both reduced GSH and AsA were considered as representative cellular redox buffers. The content of reduced glutathione (GSH) was estimated following the method of Anderson (1985) . Fresh leaf tissues (1.0 g) were homogenized in 2 ml of 5% (w/v) sulphosalicylic acid at 4 • C. The homogenate was centrifuged at 10,000×g for 10 min. To a 0.5 ml of supernatant, 0.6 ml of Kphosphate buffer (100 mM, pH 7.0) and 40 μl of 5 5 -dithiobis-2-nitrobenzoic acid (DTNB) were added, and absorbance was recorded after 2 min at 412 nm on a UV-VIS spectrophotometer (Lambda Bio 20, Perkin Elmer, MA, USA). The method of Law et al. (1983) was followed for estimation of reduced ascorbate (AsA). In brief, fresh leaf (0.5 g) was homogenized in 2.0 ml of K-phosphate buffer (100 mM, pH 7.0) containing 1 mM EDTA and centrifuged at 10,000×g for 10 min. To a 1.0 ml of supernatant, 0.5 ml of 10% (w/v) trichloroactetic acid (TCA) was added, thoroughly mixed and incubated for 5 min at 4 • C. Then, 0.5 ml of NaOH (0.1 M) was mixed with 1.5 ml of the above solution and centrifuged at 5000×g for 10 min at 20 • C. The aliquot thus obtained was equally distributed into two separate microfuge tubes (750 μl each). For estimation of AsA, 200 μl of K-phosphate buffer (150 mM, pH 7.4) was added to 750 μl of aliquot. For DHA estimation, 750 μl of aliquot was added to 100 μl of 1,4-dithiothreitol (DTT), followed by vortex-mixing, incubation for 15 min at 20 • C, and addition of 100 μl of 0.5% (w/v) NEM. Both the microfuge tubes were then incubated for 30 s at room temperature. To each sample tube, 400 μl of 10% (w/v) TCA, 400 μl of H 3 PO 4 , 400 μl of 4% (w/v) bipyridyl dye (N'N-dimethyl bipyridyl) and 200 μl of 3% (w/v) FeCl 3 were added and thoroughly mixed.
Absorbance was recorded at 525 nm after incubation for 1 h at 37 • C.
K, S, AND Mg CONTENT DETERMINATIONS
The method of Lindner (1944) was followed to estimate K content in digested samples using flame photometry; whereas, for S determination, 100 mg of dried fine powder of leaf was digested in a mixture of concentrated HNO 3 and 60% HClO 4 (85:1, v/v) and the content of sulfate was estimated using the turbidimetric method of Chesnin and Yien (1950) . Leaf Mg content was determined by digesting samples in 5 ml of 96% H 2 SO 4 and 3 ml of 30% H 2 O 2 at 270 • C; thereafter, Mg content was assayed by atomic absorption spectrometry at 285.2 nm wavelengths.
DATA ANALYSIS
SPSS (PASW statistics 18, Chicago, IL, USA) for Windows was used for statistical analysis. One-Way analysis of variance (ANOVA) was performed, followed by all pairwise multiple comparison procedures (Tukey test). Mann-Whitney U-test and Levene's test were performed in order to check the normal distribution and the homogeneity of variances, respectively. The data are expressed as mean values ± SD of five independent experiments with at least five replicates for each. The significance level was set at P ≤ 0.05.
RESULTS
Significant results related to plant growth, photosynthetic functions, soluble-protein content, oxidative stress, cellular reducing buffers, plant mineral nutrients, and yield attributes are presented here, highlighting the significant changes observed at different (pre-flowering, flowering, and pod-filling) stages of plant growth.
PLANT GROWTH AND PHOTOSYNTHETIC FUNCTIONS
Under drought stress, plant growth, in terms of leaf area and plant dry mass, decreased significantly at pre-flowering stage (vs. control, C). On application of S, significant change was noted in the drought-induced reduction in leaf area only. Drought stress imposed during pre-flowering stage also caused significant decrease in photosynthetic functions (viz., photosynthetic rate, Pn; stomatal conductance, Gs; intercellular CO 2 , Ci; chlorophyll content), as compared with the control. Supplementation of S significantly increased the drought-induced reductions in Pn, Gs, and Ci (Tables 2, 3) .
During the flowering/reproductive stage, significant decrease in leaf area and plant dry mass was perceptible under drought stress alone (vs. C), whereas S application significantly increased the drought-induced reductions in these parameters. Pn, Gs, Ci and the chlorophyll content displayed significant decreases due to drought stress (vs. C); whereas, supplementation of S improved these traits (vs. drought at flowering). During the pod-filling stage, leaf area and plant dry mass decreased significantly due to imposition of drought stress (vs. C) and S application deepened the decline in leaf area and plant dry mass. Likewise, Pn, Gs and Ci and chlorophyll content displayed significant decreases due to drought stress imposed at the pod-filling stage (vs. C). The decrease in Pn, Ci and chlorophyll was significantly ameliorated with S supplementation (Tables 2, 3 ).
OXIDATIVE STRESS AND MODULATION OF THE POOLS OF CELLULAR REDOX BUFFERS
With-holding water for 5-days during pre-flowering stage led to significant increases in electrolyte leakage (EL) and in the contents of thiobarbituric-acid-reactive substances (TBARS) and H 2 O 2 (vs. C). However, S-application significantly decreased the impact of drought stress-impact at pre-flowering by reducing EL and the contents of TBARS and H 2 O 2 (Figure 1) . The pools of cellular redox buffers namely reduced ascorbate (AsA) and glutathione (GSH) declined significantly due to pre-flowering drought stress (vs. C); S-supplementation was insignificant to mitigate these declines. Oxidative stress traits such as EL, and the contents of TBARS and H 2 O 2 significantly increased due to drought stress created at flowering stage (vs. C); however, S-application significantly decreased this drought-caused oxidative stress. In contrast, the contents of reduced AsA and GSH contents declined significantly (vs. C) due to drought stress at this stage, and supplementation of S significantly ameliorated these declines. Drought stress imposed at pod-filling stage significantly increased EL and the contents of TBARS and H 2 O 2 (vs. C); whereas S-application significantly reduced the levels of H 2 O 2 and EL elevated by drought at this stage. The reductions in AsA and GSH contents due to the drought stress imposed at pod-filling stage were insignificant (vs. C), and the effect of S supplementation in mitigating the impact of drought stress was also insignificant (Figure 2) .
MINERAL NUTRIENTS
Plant nutrients, such as K, S, and Mg, displayed significant reductions due to drought stress imposed at pre-flowering stage (vs. C); however, no significant difference was observed when droughtstressed plants were supplemented with S. Drought imposition during flowering stage caused significant reduction in K, S, and Mg levels in the leaf tissue (vs. C); whereas their contents significantly increased when plants facing drought at flowering stage were supplemented with S. Among the plant nutrients studied, only K content displayed a significant reduction due to drought at pod-filling stage (vs. C); whereas S and Mg contents did not differ significantly under the stress of drought alone or drought + S imposed at pod-filling stage (vs. C). Moreover, the K content significantly increased when drought-stressed plants were supplemented with S ( Table 4) .
DISCUSSION PLANT GROWTH AND PHOTOSYNTHETIC FUNCTIONS
Plant growth is the outcome of coordination of major physiological/biochemical processes in plants. In the present study, plant dry mass and leaf area showed a significant relationship with the severity of water deficit stress, irrespective of the phase of plant ontogeny. Earlier, plant growth in terms of dry mass accumulation and leaf area has been used as a tool for the assessment of crop productivity (Sundaravalli et al., 2005; Anjum et al., 2008a) . Cell division, enlargement and differentiation and also the plant genetic make-up are significantly influenced by water-deficit stress, which in turn affects plant growth (Aref et al., 2013) . In the present study, previously mentioned processes might be impacted by drought tress severely during vegetative/flowering stage which coincides with drought-mediated considerable decreases in leaf area and photosynthesis, as observed earlier also (Sundaravalli et al., 2005; Anjum et al., 2008a; Husen et al., 2014) . However, the drought-induced huge reduction in leaf area (a major component of plant growth) may be a strategy that plants adopt to adjust with water-deficit stress. Earlier, the reduced leaf-expansion/area was evidenced to conserve the internal water/moisture through the reduced rate of transpiration (reviewed by Mahajan and Tuteja, 2005) . Photosynthesis (Pn) and its related variables (Gs, Ci, chlorophyll content) are highly regulated multi-step processes and exhibit great sensitivity to drought stress (Zlatev et al., 2006; Lawlor and Tezara, 2009; Husen et al., 2014 ). In the current study, drought stress alone significantly decreased Pn, Gs, Ci and chlorophyll content irrespective of the plant ontogenetic stages. In fact, photosynthesis and its related variables are tightly interwoven and hence changes in one component significantly affect the performance of others (Lawlor and Tezara, 2009 ). Our findings on the drought stress-accrued reductions in Gs and leaf Ci coincide with those of Zlatev et al. (2006) and Meyer and Genty (1998) , who considered Gs as the major factor for controlling Ci and hence the Pn. Additionally, unavailability of chlorophyll also contributes to drought-induced decrease in Pn (Lawlor and Tezara, 2009 ). The drought-induced decrease in chlorophyll content has been reported earlier also due to reduction in the lamellar content of the light-harvesting chlorophyll a/b protein, inhibition in biosynthesis of chlorophyll-precursors and/or degradation of chlorophyll (Khanna-Chopra et al., 1980) . Our findings on drought-mediated decrease in Pn, Gs, Ci and the content of chlorophyll confirm some earlier reports (Khanna-Chopra et al., 1980; Anjum et al., 2008a; Husen et al., 2014) . Regardless of irrigation treatments, our results also revealed that S-application significantly increased the growth and chlorophyll content and Pn. It was more effective when applied at flowering stage of the plant. The adequate and balanced supply of mineral nutrients has been shown to play a vital role in sustaining food security (Cakmak, 2005) . S is involved in the light reaction of photosynthesis as an integral part of ferredoxin, a non-haem iron-sulfur protein (Marschner, 1995) . Additionally, it plays essential roles in mechanisms like vitamin co-factors, GSH in redox homeostasis, and detoxification of xenobiotics (Anjum et al., 2012b) . The S requirement by plants varies with growth stage and with species, varying normally between 0.1 and 1.5% of dry weight. Anjum et al. (2008b) suggested that adequate S supply may improve the pools of these compounds in plants to a great extent that may lead to increased photosynthetic efficiency, dry mass and crop yield. Sufficient S supplies improved photosynthesis and growth of Brassica juncea through regulating N assimilation . The maximum utilization of S in Brassica campestris crop takes place when applied at flowering stage (Ahmad et al., 2005; Anjum, 2006) . Application of S increased the seed yield and attributing characters in other crops also (Anjum et al., 2012b) .
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OXIDATIVE STRESS AND MODULATION OF THE POOLS OF CELLULAR REDOX BUFFERS AND MINERAL NUTRIENTS
Production of ROS, such as H 2 O 2, is mediated by O 2 reduction and subsequent oxidative damages in drought-exposed plants (Khanna-Chopra and Selote, 2007; Anjum et al., 2012a) . Plant membrane is regarded as the first target of many plant stresses due to increase in its permeability and loss of integrity under environmental stresses including the drought stress (Candan and Tarhan, 2003) . In the present study, the drought-stress sensitivity of the reproductive phase of drought-exposed V. radiata was evidenced by significantly high levels of H 2 O 2 , the content of TBARS (the cytotoxic products of lipid peroxidation and indicator of extent of stress-led ROS-mediated high oxidative stress) and the EL (the measure of stress-mediated changes in membrane leakage and injury) at flowering stage, followed by pre-flowering and postflowering stages. These results are in close agreement with the findings of Qureshi et al. (2007) . Earlier, the least peroxidation of membrane lipids and the ability of cell membranes to tightly control the rate of ion movement in and out of cells have been used as tests of damage to a great range of tissues (Candan and Tarhan, 2003) . However, the drought-stressed plants exhibited least contents of H 2 O 2 , TBARS and percent EL, when supplemented with S at their flowering and pod-filling stages. These results suggested that the S-mediated decrease in contents of H 2 O 2 , TBARS and percent EL depends on application of S to drought-stressed plants at appropriate growth stage when S is efficiently and differentially utilized to strengthen plants to withstand the enhanced lipid peroxidation and subsequent leakage of electrolytes due to elevated levels of H 2 O 2 . Thus, S-application protected differentially the drought-stressed plants against H 2 O 2 -mediated localized oxidative damage, disruption of metabolic functions, LPO and leakage of electrolytes (Zlatev et al., 2006) . Our observations on drought alone-mediated significant increases in H 2 O 2 content, lipid peroxidation (in terms of TBARS content) and percent EL in V. radiata plants coincide with the findings of Sreenivasulu et al. (2000) and Selote and Khanna-Chopra (2006) on different crop plants.
Plant resistance to stresses is closely associated with the efficiency of the antioxidant defense system (comprising both enzymatic and non-enzymatic components of AsA-GSH pathway) in the maintenance of the balance between the basal production of ROS and their elimination (Anjum et al., 2010 (Anjum et al., , 2012c . In this perspective, AsA and GSH are important water-soluble non-enzymatic antioxidants and major cellular redox buffers in plants (Anjum et al., 2010 (Anjum et al., , 2012c (Anjum et al., , 2014 . Both are interlinked in terms of their physiological role in AsA-GSH pathway for effective elimination of ROS (such as H 2 O 2 ) in plant cells (Anjum et al., 2010 (Anjum et al., , 2012a . Contrary to an earlier report (Shehab et al., 2010) on drought-induced increase in AsA and GSH levels in different plant species, our study revealed a significant decrease in the contents of both AsA and GSH in V. radiata, irrespective of the growth stage at which the drought stress was imposed. However, our findings are in conformity with those of Khanna-Chopra and Selote (2007) on drought-exposed Triticum aestivum. The application of S improved the AsA and GSH contents and was thus beneficial when applied to drought-stressed plants at their flowering or post-flowering stages. It was, therefore, significant for protection of V. radiata against ROS-mediated oxidative stress. This substantiates our earlier report suggesting improved AsA and GSH contents in Cd-stressed Brassica campestris plants by S supplementation (Anjum et al., 2008b) . However, it is imperative to mention here that exhibition of higher levels of AsA and GSH in plants receiving drought stress + S supply at pod-filling stage may be due to S-mediated maintenance of elevated activities of AsA-GSH-regenerating enzymes such as dehydroascorbate reductase, monodehydroascorbate reductase, and GSH reductase (Eltayeb et al., 2007; Anjum et al., 2008b) . Moreover, as AsA and GSH are key players in cellular redox homeostasis; the S-mediated improvement in their reduced pools must help plants to run normally the ascorbate peroxide-dependent H 2 O 2 metabolism under drought-stress conditions. Therefore, S application mitigated, although partially, the drought-induced decrease in AsA content by maintaining elevated activities of dehydroascorbate reductase and monodehydroascorbate reductase (data not shown)-the key components in maintaining the reduced pool of AsA and hence the plant tolerance to oxidative stress (Eltayeb et al., 2007) . Considering K, S, and Mg responses to drought and S, the uptake of the available nutrient ions dissolved in the soil solution by plants depends upon water flow through the soil-root-shoot pathway. It also depends on root growth and nutrient mobility in the soil (Fageria et al., 2002) . In this study, drought stress significantly impacted the contents of K, S, and Mg in leaves contingent upon the plant-growth stage exposed. However, as reported also in earlier studies (Abdin et al., 2003; Malvi, 2011) , a synergistic interaction of S with K and Mg was revealed herein, where Sapplication ameliorated drought-induced reductions in the leaf K, S, and Mg contents, maximally when applied at reproductive stage.
CONCLUSIONS
Drought stress in isolation enhanced ROS generation and decreased the cellular redox buffers (AsA and GSH) and eventually hampered photosynthetic functions. These results were significant at flowering stage, followed by the pre-flowering and post-flowering (pod-filling) stages (Figure 3) . However, improvements in these parameters due to S application was apparent (at the flowering/reproductive stage), which enhanced the pools of cellular redox buffers (AsA and GSH), which in turn managed a balance between the production and scavenging of H 2 O 2 and stabilized the cell membrane by decreasing LPO (Figure 3) . Overall, the study inferred that supplementation of S to drought-exposed plants at their flowering stage can improve their growth, photosynthesis and related variables via efficiently being utilized, and in turn managing the pools of AsA and GSH, and subsequently controlling the drought-accrued oxidative stress.
